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AZOLE-BASED KINASE INHIBITORS 

FIELD OF THE INVENTION 

The present invention telated to Ihe field of inhibHora of protein tyrosine kinases. 
BACKGROUND OF THE INVENTION 

5 Protein kinases axe a family of enzymtss that catalyse the phosphorylation of specific 
residues in proteins. In general protein kinases fall into several groups; those which 
preferentially phosphorylate serine and/or Ihrcc^iinc xnsddiies, those which picficsrcsntially 
phosphoiylate tyrosine residues and those which phosphorylate both tyrosine and 
Ser/Thr cusiducs* Piotein kinases are therefore key elements m signal transduction 

1 0 pathways responsible for transducing extracellular signals, including the action of 

cytokines on their receptors, to the nuclei, tciggexing variovis biological events. *Ihe many 
roles of protein kinases in normal cell physiology include cell cycle control and cell 
growth, differentiation, apoptosis, c«ll mobility and mitogcnesis. 

Protein kina<3es include, for example, but are not limited to, members of the Protein 

15 Tyrc^mc Kinase family (PTKs)^ which in turn can be divided into the cytoplasmic FTKs 
and the receptor FIKs (KrJ<s). Ihe cytoplasmic PTKS include the SRC family, (including; 
Bt-K; FGR; FVN; HCK; LCK; LYN; SRQYES and YRIC); the BRK Family (including: Bl^K; 
FKKr SAD; dnd SRM); the CSK family (including: CSK and CTK); the BTK femily, 
(including BTK; IIK; llaC; MKiC2 and TXK), ttic Janus kinase family, (including: JAKl, 

20 JAK2, IAK3 and 'TVk2), the FAK family (including, FAK and FYK2); the Fes famUy 

(including FES and PER), the ZAP70 family (including ZAP70 and SYK); the ACK family 
(including ACKl and ACK2); and the Abl family (including ABL and ARC)- Ihe RTK 
family includes the EGF-Receptor family (including, EGPR, HER2, HFR3 and HRR4); the 
Insulin Receptor family (including INS-R and IGFl-R ); the PDGF-Rcccptc3{r family 

25 (including PDGFRo^ PTDGFRjJ, CSFIR, KIT, FLK2 ); the VEGF-Receptor family 

(indudingj FLTl,FLKland FLT4); the FGF-Receptor family (including FGFR1,FGFR2, 
FGFR3 and FGJPR4 ); the CCK4 family (including CCK4); the MET family (including 
MET and RON); the TRK family (including TRECA, TRKB, and TRKC); the AXL family 
(including AXL, MER, and SKY); ttie TIE/TEK family (including TEE and TIE2/TEK); the 

30 EPH family (including EPHAl, EPHA2, EPHA3, EPHA4, EPHA3, EPHA6, HPHAT^, 
EPHA8, EPHBl, EPHB2, EPHB3, EPHB4, EPHB5, EPHB6); the RYK family (induding 
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RYK:);iheMCKiaznlly(includ]niS MCKmdTVROlO); the RCB^mnfly (inducing ROS); 
the RET family {induding RET); the LTK family (including LTK and ALK); the ROR 
family (including KORl and ROR2); The Musk family (including Musk); the LMR fomily 
including LMRl, LMR2 and LMR3); and the SuRTK106 family (including 9uRTK:iD6). 

5 Sunllaxly, the sexine /threonine specific kinases compriec a number of distinct 

sub-femilics, indudtng; the extracelkdar signal teguleited kinaaed^ (p42/ERK2 and 
p44/ERKr); c-Jun NH2-terminal kinase (JNK); cAMP-responslve element-binding protein 
kinases (CREBK); cAMP-depcndent kinase (CAPK); tmtogen-acHvatcd protein 
Idnase-activated protein kinase (MAPK and its nX^latives); streSA^acdvated protein kinase 
10 p38/5AFK2; roitogen-and stxess-activated kinase (MSK); protein kinases, PKA^ PKB and 
PRC inter aUa, 

Additionally, the genomes of a number of pathogunic organLtos possess genes encoding 
protein kinases. For example, the malarial parasite Flasmodixim falciparum and viruses 
such as HPV and Hepatitis viruses appear to bear kinase related genes. 

15 Inappropriately high protein kinase activity has been implicated in many diseases 

resulting from abnonnal cellular function. This might arise either directly or indirectly, 
for exeimple by failure of the proper control mechanisms for the kinase, related for 
example to mutation^, ovcr-eTtpression or inappropriate activation of the enzyme; or by 
over^ or under-production of cytokines or growth factors also participating in the 

20 transduction of idgnals upstream or dovmstxeam of ^Id^^ Tn aU of diese instances, 
selective inhibition of dw action of the kinase might be expected to have a beneficial effect. 
Diseases where aberrant kinase activity has been implicated include: diabetes; lestcmosLs; 
atherosclerosis; fibrosis of the Jiver and kidney; ocular dL'ieases; myelo- and 
lymphoproiif erative disorders; cancer such as prostate cancer, colon cancer, breast cancer, 

25 head and neck cancer^ leukemia and lymphoma; and, auto-immune diseases such as 
Atopic Dermatitis, Asthma, rheumatoid arthritis, Crohn's disease, psoriasis, Crotizon 
syndrome, achondroplasia, and thanatophoric dysplasia. 

The JAK family of protein tyrosine kinases (PTBCs) play a cmtral role in the cytokine 
dependent regulation of ttie proliferation and end function of several important cell types 
30 of tine immune system* 
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4. 

A dinact compaiiscm of the four currently known mammalian JAK family membezs 
reveals the presence of seven highly conserved domaim (Hatpur e^&i, 1992). Jsx seeking a 
nomenclature for the hi^y conserved domains characteristic of this family of Pl'Ks, the 
classificaticm used was guided by the approach of PaWSkon and co-workers (Sadowski et 

5 al, 1986) in their treatmieiit of the SRC homolo^ (SH) domains. The domains have been 
enumerated accordingly wilh most ^terminal homology domain designated JAK 
Homdlogy domain 1 (JHl). The next domain N-tcrmmal to JHlte the Wnase^felafed 
domain^ de^gnated here as IheJTO domain. EadhdoniaM is then enumerated up to the 
JH7 located at the N-terminus. The higfi degree of conservation of these JAK homology 

10 OH) domains suggests that they are each lilcely lo play an important role in the cellular 
processes in which these proteins operate. However, the boundaries of the JAK 
homology dornaina are arbitrary^ and may or may not define fomctional domains, 
Nonetheless^ their delineation is a it*;eful device to aid the consideratioffi of the overall 
structural similarity of this class of prot^^ns. 

15 The feature most characteristic of the JAK family of PTKs is the possession of two 

kinase-iclatcd domaine (JHl and JH2) (Wilks eial, 1991). The putative FI K domain of 
JAKl (JHl) contains highly Conserve(? motifs typical of PTK domains^ including the 
presence of a tyrosine residue at position 1022 located 11 residues C-tedranina1 to 
sub-domain VII that consideted dlaj^ostic of meix^rship of the tyxosinc-spccific class 

20 of protein kinases. A%nment of the human JAKl PTK domain (255 amino acids), with 
other members of the FTK class of proteins revealed homology with other functional 
Fl'Ks (for example, 28% identity with c-fes (Wilks and Ktirban^ 1988) and 37% homology 
to TRK (Kozma e£al, 1988). The JHl domains of each of i*^ JAK family members possess 
an interesting idiosyncrasy within the highly conserved sub-domain VBI motif (residues 

25 1015 to 1027 in JAK2) that is believed to lie close to the active site, and define substrate 
specificity. The phenylalanine and tyrosine resides flanJdng the con^^ 
in this motif arc unique to the JAK family of PTKs, Aside from this element/ the JHl 
domains of each of the members of the JAK family are typical PTK domains. 

The central role played by the JAK femily Of protein tyrosine kinases in the cytokine 
30 dependent regulation of the proliferation and end function of several impoit^t cell types 
means that agents which inhibit JAK are useful in the prevention and chemotherapy of 
disease states dependent on ihese enzymes. Potent and ^lecific inhibitoxs of each of the 
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currently known four JAK family meznbers will provide a means of inhabiting the action 
of tiiose cytokines that drive immune pathologies, such as asthma (e,g, TL-13; JAKly 
JAK2)^ and leukemia/lymphoina (e,g. 11^2: J AKl and JAK3). 

Fuiifhoxmoi^;, certain typed of cancer such as prostate cancer develop autocrine production 
5 erf certain cytokines as a selectable mechanism of developing growth and/ or metastatic 
potential. An example oi this is cancer of the prostate, where IL-6 is produced by and 
stimulatcB the growth Of prostate cancer cell lines such as TSU and TC3 {Spiotto MT, and 
Chung TDy 2000). Interestingly, levels of lL-6 aie elevated in sera of patients with 
metastatic prostate cancer. 

10 A great deal of literature covers tiic aiviai of cytokine signalling. The present inventors 
have focussed on tfie JAK/STAT pathway that is involved in the direct connection of 
cytokine rccq^tor to target genes (such afi cell cycle regulators (e*g* p21) and 
anti«apoptosis genes (such as Bcl-Xi)). 

The JAK/STAT Pathway 

15 The delineation of a particularly elegant signal transduction pathway downstream of the 
non-prcrtdn tyrosine kinase cytoldnerece^^ In this 

pathway the key components are; (i) A cytokine receptor chain (or chains) sudhi as the 
Inter leulc!n-4 receptor or the Interferon y receptor; (U) a xnember (or mernbers) of the JAK 
family of FTKs^ (iii) a ineiriber{s> of the STAT family of transcription factors, and (iv) a 

20 sequence specific DNA element to which the activated STAT will bind. 

A review of ihc JAK/STAT literature offers strong support to the notion that ftis pathway 
is Important for the recruitment and marshalling of the host immune respomsG to 
environmental insults, such as viral and bacterial infection. This is well exemplified in 
Table 1 and Table 2* Information accumulated from gene knock-out experiments have 

25 underlined the importance of members of the f AK family to the ii\tracellular signalling 
triggered IrfT a nurnber of important immune regulatory cytok^ The therapeutic 
possibilities stemming from inhibiting (or enhancing) the JAK/STAT pathway are thus 
largely in the sphere of immune modiilatlon, and as such are likely to be promising dru^ 
for the treatment of a range of pathologies in this area- in addition to the diseases listed in 

30 Tables 1 and 2, inhibitors of JAKs could be ^ascd as immurtosuppresd vc agents for oi^an 
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trtodplatits and autoixnnvune diseases such «s lupus, mtiltipte Bd[cro8i3/ rh wmatoid 
ortiKrltis, Type I diabetes, autoimiiiune thyroid disorders, Alzhei«wJf*s disease and other 
autoimmune diseases. Additionally, treatment of cancers such as prostate cancer by J AK 
inhibitors is indicated. 
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7, 



Disease Type 


Cell Types Involved 


Characlerislics 


Aiapy 

Allergic Astibma 

Atopic Detmatids (£czeina) 

Alli^cBhixiitis 


(Mast Cells 
(£ostnophjls 
(TCetls 
(frCelte 


T-cell activation of 
B-celL^ followed by IgE 
inediatcd activation of 
resident Mast cells and 
Hodinophils 


Cell Med m fed Hypersensllivfty 
AUergjic Contact DcrmatiUs 
HypensensHivity Fjncunuxulis 


(T-ceJls 
(B-celLs 


T-cell hypersensitivity 


Systemic Lupus Hiythematuzsus 
(SLE) 

Rheumatoid ArOirltis 
Juveiulc Arthritis 
Sjogren's Syndcome 
Scleroderma 
Polymyositis 
/\nicyiOttixi£^ ^ponay litis 
Fsoiiatk Axtfaritis 


(Monocytes 

(Macrophages 

(Neutrophils 

(Maat Cells 

(Eosinophils 

(T-Cell» 

(o-veiitt 


Cytokine Production 
(e.g.TNF,n.-l,CSl'-l. 
GM-CSF) 
T-ccll Activation 
JAK/STAT activation 


r iflui tJIh&U^^^ 

Bpstein Barr Virus (JBBV) 

Hepatitis B 

Hepatitis C 

HIV 

HTLVl 

Varicella-Zoster Virus (V5W) 
Humw Papilloma Virus (IIPV) 


Lymphocyted 

HeT>atocvt^ 

Hepatocytes 

Lymphocytei» 

Lymphocytes 

Fibroblasts 

Epithelial cells 


J AK/STAT Activation 

JAK/STAT Inhibition 
JAK/STAT AcHvation 
JAK/STAT Activation 
JAK/STAT Inhibition 
JAK/STAT Tnhibdtian 


Cancer 

Leukemic 

Lymphoma 


Leucocytes 
Lymphocytes 


(Cytoldne production 
aAK/STAT Activation 


Neurodeg^mnfftive Diseases 
Motor Neuron EH^ease 


Neurons 


Mutated SODl 


Cardiopasculdt Diseases 
Atheroddczosis ^ Arteriosclerosis 


(LymphocyGes 


JAK/STAT Activation 
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8. 





(Macrophages 


JAK/STAT Activafcion 




(Myoepilhelial c^llsi 




Cardiac Hypertrophy 


Cardiac Myocytes 


JAK/STAT Activation 


Ischeixiia 


Cardiac Myocjnes 


JAK/STAT Activation 


Pulmonary Hypeitensicn 


Lung Epiihelitttn 


JAK/STAT AcHvatioti 
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Tax^et Disease 1 


Cytcikiiie 1 J AK family 1 
1 mamb^ 1 


SHrenc^th of 1 
Asj^odation 1 


Asthma 1 


IL-4&IL-9 1 


J AKl «JAK3 1 


+++ 1 






TAKI&TAKZI 


+++ 1 




11^5 1 


TA'VO 1 




Ecssema | 


IL-dl 


lAKl&JAKSl 






IFM*a| 


lAKl&IAKzl 




FoodAUerjgy 1 




jAKl&JAKal 


+++ 1 


Inflammatory Bowel 1 
Disease & Qfohn'i? 

Disease 


IL-4| 


JAK1&JAK3 


+++ 1 


lieukaemla And 
LympHoma 


(IL-2) 


JAK3,JAKX&: 
JAK2 


1 1 


Cutaneous 
InjEkunmaHon 


I GM-CSF^ 
lL-6 


1 JAKI&JAKZ 


1 +++ 1 


Immune Si^tession 
BySoMTXimour 


1 IL-IU 


JAK1&TYK2 


1 '^'^ 1 


Prostate Cancer 


1 lL-6 


1 JAK1JAK2 
1 &-ryk2 




AfihexoBclexosis iSc 
artexioscteTOSifi 


1 Various 
1 Cytokines 


1 IAK3 




Caxdiac Hypertrophy 


1 AngiotensinJl 


1 JAK2 


1 1 



Ta^Ar^.' Diseases I^ien^ffy l^ffiaMe By fAK-Based Dru^ Tkempi^s 
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SUMMARY OIP THE INVENTION 



The present inventcMCS have found tti«t a grinzp of compounds based upon the 
dlsub^tuted pyrasdne ec&Sold I, axe inhibitoxs o( fyrosiTte kki^e^. 



Accordingly, ixi a fimt aspect die piesent Invention contsbte in a compound of the general 
formula 




I 



or phfttmaceutically acceptable prodrugs/ sdHd, hy drated^ solvates/ ctysfcal forms or 
diastereomexs thereof, whexein: 

D is a tuH;eix»cyclic ting sdccted from: 



where X^, X2fXa,X^ are optionally substituted carbon^ or one of Xt/ X2/ Xj^ X^ 
is tdtrogeEt and the rest axe optionally substituted carbcHn; 

R2 is (>-3 subfitituents independontly chosen from halogen, CMalkyl^ OCF^ 
OCHF^, CN, aiyl, hctaiyl^ C^aikylOH, CMalkylNR3R4> CMalkylhetaiyl, OC,^ 
alkyl, OCx^aUsylNR3R4^ OCi^alkyttictatyl, OCi^allgrlQH, COaRS, CONR3R4, 
NR3R4, nitro, NR3COR4, JMR5CONR3R4, NR3SQiR4, CMail!ylNR3COR4, 
Cn^yJNR5CONR3R4, Cwa3kylNR3SOiR4; 
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141699639 

11. 

B3, R4 ate each indcpcndenlly H, Ci^alkyl, Q^alkylOH, CL49lkjrlNR19R20, 
Ci^jdligrl cycloallyl^ C1-4 cyclohcstalkyL Qxyl, Ci^ alfcyktfyl^ hetaryl, 
alkylhetaryl, or may be joined to form sax optiogaally substituted 3-8 
membeI^ed (saturated or unsaturated) ring optionally containing an atom 
5 BtJcctedfromO/S^NRS; 

and TiS id selected from C}^ aIVy azyl or hetaxyl; 

R6 is sclecred from Cj+alkyl, C„aUylNR19R20, aryl, hetaryl^ 
£i]kyl atyl^ Ci^aUkyl hetaryl; 

R19, R20 are each independently selected from H, Q^alkyl; 

10 Rl is H, Q^aU^yl, Q^cycloalkyl, or may form a 5-8 rnembc^d ring onto the orfho 

poidfian of ring A; 

Q is a bond^ CHz/ C1.4 aXkyl; 

A is aryl, hetaryl optLonally substituted with 0-3 -wbstituents* independently 
chosen from halogen, alkyl. CFjr OCFg^ CN, NR8R9, aryl, hetaryl^ Q^aryl, 
15 QJietaryl, CiH»ll<^yINR8R9^ OCi_»alkylNK8R9, nitro, NR10Ci.iNR8R9, NRHCORB, 

NR10CONR8R9, i4ie^BSO^% CONR8F9,.CO;jRB; 

R8 and R9 gj!© each independently H, Ci^ BJkyl, aiyl or together form an 
optionally substituted 4-B membeted ling which may contain a heteroatom 
selected fromO, S, NRll; 

20 RIO is selected frxnn Q^alkyl; 

Rll m selected from allsyl; 

W is selected from daalikyl Q^alkenyl or may form a 5-8 membered ring onto 
the ortho pocdtion of ring A; where Q^alkyl or C^^lkenyl may be optionally 
substituted with Ci^atkyl, OH, OQ^attq;!, NR12R13; 

25 R12^ and R13 are each indepcndendy H, Ci^alkyl, or may be joined to form 

an optionally substituted 3^ membered ring optionally containing an atom 
selected from O, NR14; 
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12. 

R14 w selected from ;dkyb 

Y is 0-2 8ubstituente selected ficom H, alkyl, NR15R16; 

BLL5 and R16 axe independently selected from H, C,^aUkyl. 

In a second aspect ^ pref<enf invention cocisists in a connposiiion coinptiidng a canier 
5 and at teast one compound of the fucst aspect of tlie invention. 

In a tiiird aspect the present invention con&lstB in a method of treating a tyrosine 
idnase^associated disease state in a Subject, the method comprising adxciinisteimg a 
thet^peutically effective amount of at least one compound of the fixst aspect ot the 
mvcntion or a thexapeutlcally ei^ective amount of a composition of fhe second aspect of 
10 the Invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The pi^efaent inventors have found that a group of compounds based upon the 
difiubstituted p3nrazine scaffold 1, inhibitors; of tyrosine kinases. 

Accordingly, in a first aspect the pxciKoil invention consifiti in a compound of tiie geneial 
15 formula 




or pharmaceutically acceptable prodrugs^ salts^ hydrates, Mlvatcts, crystal formft .or 
diaatereomci» thereof, witerein: 

20 D is a heterocyclic ting selected from: 
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wheiie Xi, Xjr X3, X4 are optionally substituted carbox\, or one of X,^ JCg, X3, 
is nitrogen and the rest optionally substituted cariK3fn; 

R2 is (h^ Bubtttituents independently chosen from H, halogen, Cwalkyl, Cl^^ OCFj^, 
5 OaiFs, CN, aryt hetaiyl, CMaDtylOH, CwatkylIslR3R4, Q^alkyftietaryl, OCm 

aikyL OC,^aIkylNR3R4, OCi^alkyihetaiyl, 0C,^all<y10H, CO^RS, CONIR3R4, 

nitro^ NR3COF4, NR5CaNR3R4, MR3SQ^4, CMalkylNK3COR4, 
Ci.4al»q^tNR5CONR3R4, G 4alkylNR3SQzR4; 

R3, R4 are each independently H, Q 4allcyl, Ci^alkylOH, Q^alkylNR19R20, 
10 alkyl cycloallgrl, cydohetall^l, aiyl^ C,.* alkylaryt hetaiyl, Q4 

alkylhetaiyl, or may bo joined to form an optianalty substituted 3-8 
miembered (saturated or unsaturafod) ring optionally ccntainrng an fttcon 
selected from S, ^3R6; 

and R5 is selected trom H, C^aligrl, aryl or hetaryl; 

^5 R6 is selected £romH, C,^ alkyl, CMalkytlMR19R20, aryl, hctaryl. Cm 

alkyl aryl, Cwalkyl hataryl; 

Rl9r R20 axes each independently selected from H, Ct^^Skyi; 

Rl w H. alkyl, Ct-rtCycloallcyl, or may form a 5-8 membered ring onto the orftio 
position of rfr^ A; 

20 Q fe a bond, CH2r Cm allqrl; 

A is aiy], hetaryl optionally substitutcsd with 0-3 substituents independently 
chosen from halogen, Ci4allqrl, CF3, OCF^ CN, NR8R9, aryl, hetatyl, Ci^aiyl, 
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14. 

Ci^taryl, CwallcyllsfR8R9. OCi^«ill<yl?JR8R9, ntoa, NRIOC, 4NRBR9, NR8COR9. 
NR10CONR8R9, NKSSOJRP, CONR8R9, COJR8; 

R8 axid R9 aze each independently H, Ci^alkyl^ aryl or together fomi cm 
optionally subdtituted 4r8 ikusnbciod ring which may conlain a hetexoatom 
5 selected ficom O, NRll; 

RIO selected from H/ Q^alkyl; 

Rll IB BdLoctcd iraoi Q^alkyl; 

W is selected firom H, Ci-iaUcyl, C^aUkenyl or may form a 5S zn^mbcrcd ling onto 
the orlho position of ring A; where Q^all^l or Cj^^lkmyl may be optionally 
10 ttubatitutcd with Ct^&ikyl OH, OC„alkyl, NR12R13; 

K12, and R13 are each independently CMalkyl, or may be joined to form 
an optionally substituted 3-8 mcmbcccd nng optionally containing an atom 
selected from S, NR14; 

R14 is selected liom alkyl; 

15 Y is a-2 substftuents selected front tj, alkylr NR15R16; 

F15 and R16 arc independently selected from H, Qniall^l, 

In the above description it will be appreciated that: 

Ci^ alkyl means an unsubstituted or cpticKnally tmbstituted straight or branched 
alkyl chain 

20 Aryl means unsubstituted or optionaHy substituted phenyl or naphthyL 

Hetaryl means a unsubstituted or oplionalty substituted 5- or fr-mernbcrcd 
heteroairomatic ring containing one or more heteroatoms selected from O, N, S, 

Cyckialkyl means a 3-8 membered saturated ring 

Cyclohetalkyl means a 3-8 merribcrcd saturated ring containing 1 -3 heteroatoms 
25 selected from O, S, NR17, 
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15. 

where R17 is H, Q^attyl aryl, tietaryl. 

in a further prefcrced embodtment the compcnind is selected from compaunds of the 
generat formula II. 



W 



10 



15 



11 

or pharaiaceutically acceptable prodrugeiy salts^ hydrates, solvates, ciystal forms or 
dia^tereomecs thereof, whcuciiu 

D id a heterocyclic ring selected from: 

wheie Xi, X^, X^, X4 are optionally snab^tieutcd carborw or one of Xt, X2/ Xj, X4 
is N and the re9t optionally substituted carbon; 

R2 is 0-3 subsfcituents indepcsndcntly chosen frowi halogen, C^alkyl, CFa, OCV^ 
CX:i IF2. CN, aryl, hetaryl, CwalkylOH, Ci^alkylNR3R4, Q^alkylhetaryl, OQ^ 
alkyi, OCi^alkylNJR3R4, OQ^alkylhetaryl OC^^allqrlOH, CONR3R4, 
NB3R4, nitro, NR3COR4, NR5CONR3R4> NR350:»R4, C,^aliyINR3COR4, 
Q^alkylNR5CONR3R4> Q 4<dkyINK3SOaR4; 

R3, R4 are each Independently Q^alkyl, Q^alkylOH, Q^alkylNR19R20, 
Q^alkyl cydoaikyl, C,^ cycldhctalkyU Atyl^ C,^ alkylaiyl, hetatyl, 
alkylhetaryly or may be joined to form an optionally substituted 3-8 
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nLBEKibered (satumled Ot wisatMrated) ring optionally containmg an atom 
9e1 ected bxnn O, NR6; 

and R5 is selected ftx>m Q^alkyl, aryl or hirtaryl; 

R6 19 selected from H. Q^alkyl^ Cjt^alkylNR19K20, ajyl^ hetaryty 
alkyi aiyl^ Q-^alkyl hetatyt; 

R20 ait* each independently selected from C^aXkyl; 

JU is n, Ci^alkyl, Ci eiCytiloaLkyX, or may form a 5-B rnembered ring onto the ortho 
petition of zing A; 

A aryl, hetaiyl optionally substituted witti 0-3 substituents independently 
chosen ftotn halogen^ alfey 1, CXTa, CN, &ty\ hetaryl, Cuaryl, 

C^hctpxyl, Ct4alkylNKHR9, OCi-ialkylNR8R9, nitiro, NR10Ci^RaR9. NK8COR9, 
NR10CONR3R9, NR8SO2R9, CONR8R9, CO^; 

R8 and R9 aic each independently alkyl, aryt or together form an 

optionally substifculed 4-8 membdred ring which may contain a heteroatom 
selected from O, NRll; 

RIO i& selected from Q^aUgirt; 

Rll is selected &omH, Ci^alkyl; 

W Is selected from Ci-^alkyl, Q^alfcenyl or may form a 5-8 membered ring onto 
th0 Oftho pOditi.on of ring A; where Cj^alkyl or Q^altenyl may be optionally 
substituted with Ci^alkyl, OH, CXZ^allcyl, NR12R13; 

R1 2, and R13 axe each independently H, Ci^alkyt, or may be joined to form 
an optionally substituted 3-8 membered ring optionally containing an atom 
selected from S, NR14; 

R14 is selected from aUsyl; 

Y is Q-2 subiMitucniB selected ^rom H, alkyl, NRt5R16; 

R15 and R16 are independently selected from H, C^alkyl, 
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In the above description it will be appf^diiiiod that: 

Ci ^ alkyl jncans an unsubstltuted or optionally substituted straight or branched 
alkyl chain 

Avyl means i;i]md>stitutBd or optianally substituted phenyl or naphthyl. 

5 Hetaryl means a unsubstituted or optlcmaQy substituted 5- or 6-membered 

heteroarom^tic nng contdning one or more heteioatoms selected from S. 

Cycloalkyl means a 3-8 membered saturated ting 

Cyclohetallscyl means a 3-8 membercd saturated ring containing 1-3 heteroatoms 
selected from O, NR17, 

10 where K17 is H, alkyl, aiyl, hetaryl. 

Hie compounds of tliis invention incltide all conformational isomers (eg. cis and tfws 
isomers). The compotmds of iihe present invention have asymtinetric centers and llierefore 
exist in different cxiantiomezk: and diastereomeric forms. This invention relates to the use 
of all optical isomers and steEeolsomets of th0 compounds of the presetit invention;, and 
15 mixtures d:iereof/ and tp 9II phamiaceulical compositions and methods of treatment that 
•may employ or contain them. Jn this regard^ the invention includes both the E and Z 
configurations. The compounds of formtila I may also exist as tautomers. This invention 
relates to the use of all stsch tautomers and mixtures thereof. 

This invention also cncoxnpasses pharmaceptical cocc^Hjsitions containing prodrugs of 
20 compounds of the formula 1. This invention also encompasses methods of treating or 
preventing disordetid! in a subject that can be treated or prevented by the inhibition of 
protein kinases, such as JAK cotnpdsing administering prodrugs of compounds of the 
formula T, Corr^ounds of formula I having free amino, amidoy hydroxy or carboxylic 
groups c€m be converted into prodrugs* Prodrugs include confounds wherein an amino 
25 acid residue, or a polypeptide dvdn of two or more (eg, two, throe or four) amino acid 
residues which axe covalenfly joined ttmni^ peptide bonds to free amino, hydroxy and 
carboxylic acid groups of compounds of formula L The amino acid residues include the 
20 naturally occurring amino acids commonly designated by three letter symbols and also 
include^ 4-hydro>grprolinc, hydroxylysine, demosine, isodcmosine, 3*methylhistidine, 
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notvlih/buta'alanizie, gaininA-aminobutyric acid/ dtxuUine/ homocysteine^ hpmosi^ne, 
ornithine and methioine sulfone. Piodnigs also Include compoutidd whardn carbonates, 
cait>aniates, amidcB and alkyl esters which ate covalcntly bonded to the above 
substituents of formula I through titte carbonyl carbon prodrug sid^hain. Prodrugs also 
5 include phosphate derivatives of compoun±<5 of formula I (such as adds, salts of acids^ or 
esters) joined through a phosphoiw-oxygen bond to a free hydroxyl of compounds of 
f ocmula I. 

In a still further preferred embodiment ihe conrtpound possesses S chirality at th$ chital 
carbon bearing W/ where W is Ci^ alkyl- The compound can be u^ied ^ a purified isomer 
10 or as a mixture of any ratio of isomers. It is however pteferred that the mixture comprises 
at least 70%, 80%^ 90%, 95%, or 99% erf the preferred isomer. 

In a second aspect the prefient invention consists in a composition comprising a carrier 
and at least on^^ cont^pound of the first aspect o{ the tnventioot. 

Tn a thitd aspect the present invention oonRiiHs in a method of treating a tyrosine 
15 kinase'-associated disease state in a subject, fhc method comprising administering a 
therapeutically effective amoxmt of at least one com|xni«d of the first aspect of the 
invention or a therapeutically effective amnunt of a composition of the second aspect of 
the invention. 

In a further preferred embodiment the disease state involves JAKl, JAK2, J AK3 or TVKZ. 

20 Tn a preferred ernbudimcnt of the present invention the disease state is selected from the 
gioup con^ting of Atopy, such es Allergic Asthma, Atopic Dermatitis {Bc2c»na), and 
Allelic Rhinitis; Cell Mediated Hypersmsitivify, 9tJch ad Allorgic Contact E>ermat{ti8 and 
Hypersensitivity Pneumonitis; T^heumatiC Diseases, such as Systemic Lupus 
Erythematosus (SLE), Rheumatoid Arthritis^ Juvenile Arthritis^ Sjogren's Syndrome, 

25 Scleroderma, Polymyositis, Ankylosing Spondylitis, Psoriatic Arthritis; Other 

autoimmune diseases auch as Type 1 diabetes, autoimmune thyroid disorders, and 
Alzheimer's disease; Viml Diseases^ such as Epstein Barr Virus (EBV), Hepatitis B, 
HepattUs Q HTV, HTLV 1, VariccUa-Zoster Virus CVZV), Human PapiUoma Virus (HPV); 
Cancer, such as Leukemia, Lymphoma and Ftostatc Cancer; Neurodegenerative Diseases 
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svuzlx as Motor Neuron Dbse^se; C^ucdiovasculax E^seases such as Cardiac Hypertrophy; 
Tschemia, PuImonaxyHyperteiision, Athero9ctero»isand 

As used herein the texm "tyrosine Idna^c-associated disease state" refers to tihosc disorders 
which result from aberrant tyrosiziG kinase actiLvity, in particular JAK activity and/or 
5 which arc alleviated by inhibition ol one or tnoic of these enzymes. 

in further aspects the present inventLcm pzovides the use the compounds described in 
the preparation of nusdicaxncnts for the treatment of JAK-associated disease estates* 

As used herein the term '*JAK^ 7AK kinase*' or 'JAK family*' refers to ptotein tyiosinc 
kinases which poa^eas the diaractcx]2jng fsaluzes of JAKt, JABC2, JAK3 and TYK as 
1 0 deidCiibed licrcin. 

The present invention piovides pharmaceutical compositions; comprising at least one of 
the compounds of the present invention capable of treating a lAK-associated disorder in 
an amount effective therefor^ and a pharmaceutically acceptable vehicle or dittaent- The 
compoBitians of the present Invention may contain other tiierapeutic agents a» dc&czibcd 
15 tTeiow^ and may be formt;ilatedy for example, by employing conventional soiid or liquid 

vehicles or diluents, as well as pharmaceutical additives of a type appropriate to the mode 
of desired administratian {for example^ exc^dents, binders/ preservatives^ stabilizers, 
flavors, etc.) acconiing to techmques such as those well known in the ait of 
pharmaceutical formulation. 

20 The compounds of the present Invention may be administered by any suitable means, for 
example, orally/ such as in the form of tablets, capsules^ granules or powders; 
sublingually; buccaUy; parenteraily, such as by subcutaneous^ intravenous, intramxiscxxlar, 
or intracistemal infection or infusion techniques (e.g., as sterile injectable aqueous or 
non-aqueotid solutions or suspensions); nasally such as by inhalation spray; topicdly, 

25 such as in ttie form of a cream or ointmont; or rectally nuch as in the form of suppositories? 
in dosage imit formulations containing non-toxic, pharmaceutically acceptable vehicles or 
dUuents. The compounds may^ iV>r example, be administered in a form suitable for 
immediate release or extended release. Immediate release or extended release may be 
achieved by the use of suitable phamiaccutical compositions comprising the present 

30 compotmds/ or, particularly in the case of extended release, by the use of devices such as 
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subcutanaous implants or osmotic pumps. The compounds may also be administered 
liposomally. 

In addition to primates, such as humans^ a variety o£ other mammak can be treated 
according to the method of the jwesent invention. For instance^ tnatwmals including, but 
5 not limited to, cows, sheep^ gcNits, hoxses, dogs, cats, guinea pigp, rats or other bovine, 
ovine, equine, canine, feline, rodent or murine species can be treated* However^ the 
method can a[lso be practiced in other itpecies, such as avian species (e.g„ chickens). 

Diseases and conditions associated with inflammatian and infection can be treated using 
the wethod of the present invention. In a preferred embodiment, the disease or condition 
10 is one in which flic actions of eosinophils and/or lymphocytes an: to be inhibited or 
promotedi^ in order to modulate the inflammatory response. 

The wbjecfes treated in the above methods, in whom which J AK inhibition i» desired, are 
mammals, inckiding, but not limited to, cows, Jthccp, goats, hoxses, dogs, cats, guinea 
pigs, rate or other bovine, ovine, equine^ canine, feline, rodent or murine species, and 
15 preferably a human being, male or female. 

The term '^therapeutically effective amount** means the amount of the subject composition 
that will elicit thebiologjcai or medical response of a tissue, system^ animal or human that 
is being sought by the researcher, veterinarian^ medical doctor or oiher clinician. 

The term ''composition" as used herein is intended to encompa&s a product comprising 
20 the specified ingredients in the specified amounts, as well as any product which results, 
directly or indirectly^ frpm combination of the specified ingredients in the specified 
amounts. By "phannaceutically acceptable" it is meant the carrier, diluent or excipient 
mwt be compah1?le with the other ingredients of the fotmtdation and not deletetiottd to 
ihc rccipiijnt thi^of . 

25 The terms "admintetration of and or "administering a" coof^wd should be tmders^tood 
to mean providing a compound of the invention to the individual in need of treatenent 

The pharmacetttical compositions f>r the administration of the compotmds of this 
invention may convcnientiy be presented in dosage unit form and may t>e prepared by 
any of the mettiods well known in the art of pharmacy. All methods include the step of 
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bringing the active ingredleni into assod^tion with the Cdtrier whkh constitutos chic or 
mote accessory itigxcdicnts. In gmeral, the phatznaceuJdcal compositions are prepared by 
uniformly and intixmitely bringing the active ingpfedient into ilddOciatian with liquid 
carrier or a finely divided solid carrier or both, and then, if necessary, shaping the product 
5 into the desired formulatioru In the plianxiBceutical composition the acHve object 
compound is included in an amount sufficient to produce the desired effect upon the 
process ot condition of disn^ases. As used herein, ttie term "compositian" is intended to 
encompass a product comprising the specified ingredients In the specified amounts, as 
well as any product which restdts, directly or indirectly, from combination of the 
10 specified ingredienb in the specified amounts. 

The phannaceudcai compositions containing the active ingredient may be in a form 
stiitabte ior oral use, for example, as tablets, troches, lozenges, aqueous or oily 
suspcnsicxus, dispcscsible powders or granules, emulsions, hanl or soft capsules, or syrups 
or elixirs. Compositioins intended for oral use may be prepared according to any method 

15 known to the ar| (or the manufacture of pharmaceutical compositions and such 

compositions may contain one or more agents selected from the group consisting of 
sweetening agents, flavoring agents, coloring agen^i and preserving agents in order to 
provide pharmaceuticaTly elegant and palatable preparations. Tablets contain the active 
ingr^jdicnt in aidmixharc with non-toxic pharmaceutically acceptable e>ccipients which are 

20 suitable for the numufacture of tablets. These excipients may be for example, inert 
diluents, such as calcium caitKmate^ sodium caiiKtnate, lactose, calcium phosphate or 
sodium phosphate; granulating and disintegrating agents, for example, com «tatch^ or 
alginic add; binding agents, for example stat^ch, gelatin or acacia, and lubricating agents, 
for example magnesium stearate, stearic add or talc. The tablets may be uncoated or they 

25 may be coated by known techniques to delay disintegration and absorption in the 

gastrointestinal tract and thetel?y provide a sustamed action over a longer period. For 
example, a time delay material such as glyceryl monostearate or glyceryl distearate may 
be empla3red. They may also be coated to form osmotic therapeutic tablets for control 
release. 

30 Formulations fbr oral use may also be presented as hard gelatin capsules wherein the 
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate. 
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calcium phof^halc Of kAOlbt^ or as soft gelatin capsules wliei:rin the active ingredient is 
Tpixed with water or an. oil medium, few example peanut oil, liquid pairaCfki, or olive ofl. 

Aqueouis BUbpcnsions coocttajn the active materials in admixtuie wiih exdpients svitaMe 
for the manu&cEuie of aqueous sufipensianB. Such cxcipicnts arc suspending agents, for 

5 example sodium carbojcjrmethyloettulose, meBiylceUulose, 

hydroxy-propyhneltoykcahiLosc, sodium alginate, polyvinyl-fryiroKdone, gum tragacanth 
and gum acacia; dispersing or wetting agents may be a naturally-occurring phosphatide, 
for example Icct^irt, or condensation products of an allylen^ oxide with fetty acids, for 
e>tample polyoxyethylene stearatc, or condenBation products of ethylene oxide with long 

10 chain aliphatic alcohols, for example heptadecaethyleneosqrcetanol^ or condensation 

products of ethylene oxide with paitial esters den ved from fatty adds and a hexitol such 
as polyoxyethylene sorbitol monoolcate, or condensation products of ethylene oxide with 
partial esters derhred from fatly acids and hexitol anhydrides, for example polyetiiylene 
sorbitan monooleate. The aqueous suspensions may also contain one or more 

15 preservatives, for example ethyl, or n-propyl, p-hydroxybcnzoatc, one or more coloring 
agent^i, one or more flavoring agents, and one or more sweetening agent^^ such as sucmse 
or saccharin. 

Oily suspensioxis may be formulated by suspending the active ingredient in a vegetable 
oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as 
20 liquid paraffin. The oily suspensions may contain a thickening agents for example 

beeswax, hard paraffin or cctyl alcohol. Sweetening agents such as those set fartti above, 
and flavoring agents may be added to pcovide a palatable oral preparation. These 
compositionB may be preserved by the addition of an anti-oxi^ant such as ascorbic add. 

Dispeisible powders and gr^ixiules suitable for preparation of an aqueotis suspension by 
25 ttie addition of water provide the active ingredient in admixture with a dispersing or 
wetting agent, suspending agent and one or more preservativesw Suitable dis[>ersjng or 
wetting agents and suspending agents ate exemplified by those already muentioned above. 
Additional excipients, for example sweetening, flavcnnng and coloring agents, may also be 



30 Ihfi pharmaceutical compositions of tire inventiDn may also be in the form of oU-in-water 
emulsions. The oiJy phase may be a vegetable oil, for example olive oil or arachis oil, or a 
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mineral oil, for example liquid paraffin or tnixturcd of these. Suitable emulsifying agents 
may be naturally- occuering; gums^ for example gum acacia or gum tragacanth, 
naturally-occurring phosphatides^ for example soy bcan^ lecithin, and esters or partial 
esters derived from ^atty acids md hcxitol anhydrides, for example sorbitan monooleate, 
5 and condensation products of the said partial esters with ethylene oxidcv for example 
polyoxyethylene sorbitan monooleate. Tlic emulsions may also contain sweetening and 
flavoring agents. 

Syrups and elixirs may be formulated with sweetening agents, for example glycerol^ 
propylene glycol^ sotWtol or sucrose. Such formulations may abio contain a demtdcent a 
10 preservative and flavoring and coloring agente. 

The pharmaceutical compositions maybe in the form of a sterile injectable aqueous or 
oleagenous suspension. This suspension may be formulated according to the loiown art 
using those suitable dispensing or wetting agents and suspending agents which have been 
mentioned above. Ihe sterile injectable preparation may also be a stexUe injectable 

15 solution or suspension in a non-toxic paicntoraBy-accepfcable diluent or solvent/ for 

exatnple as a solution in 1/3-butaiie diol. Among the acceptable vehicles and solvents that 
may bo employed are water, Ringer*s solution and isotonic sodium chloride solution* In 
addition/ sterile/ f bced oils are conventionally employed as a solvent or suspending 
medium, Por IMs purpose any bland fixed oil maybe employed including synthetic 

20 mono- or diglyccridcs. In addition/ fatty acids such as oleic add find use in the 
preparation of injectabks. 

The compounds of the pxesent invention may also be adminiatered in Hic farm of 
suppositories for rectal administration of the drug. These compositions can be prepared 
by mixing the drug with a suitable non-irritating excipient which is solid at ordinary 
25 temperatures but liqtiid at the rectal temperature and will thcref ore melt in the rectum to 
release the dmg. Such materials arc cocoa butter and polyethylene glycols- 

For topical use^ cieamS/ ointments, JellieS/ solutions or suspensions, etc,, containing the 
compoxmds of the present invention are employed, (For purposes of this application, 
topical application shall include mouthwashes and gargles.) 
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The cotYipotinds of ihe present invcntkHLi can also be administered in the form ci 
liposomeB. As is known in the arl> liposomes are generally derived from phospholipids or 
other Upid stifcdtances, lipo80inc» cue foimed by mono- or midtilamellat hydrated liqxud 
crystals that are dispersed in an aqueous medium. Any non-toxic, physiolo^cally 
5 acceptable and fxiatabolisable lipid Cj^pable of forming liposomes can be a^ed. The 
present compositions in Kposome form can contain, in addition to a compound of the 
present invention, stabllisezs^ preservatives, eafcipients and the ]ika. The pre£ezred lipids 
are the phospbolipids and phosphatidyl cholines, boib. natural and synlheMc. Mettiods to 
form liposomes axe known in the art. 

10 Thz pharmaceutical composition and method of the pmscnt invention may further 
comprise other therapeutically active cranpoiinds as noted herein which are udtially 
applied in the treatment of the above mentioned patbological conditions. Selection of the 
appropriate agents for use in combination £her«^y may be made by one of ordinary skill 
in the art, according to conventional pltarmaceutical principles. The combination of 

15 therapeutic agents may act synergistically to effect the tteatment or prevention of the 
various disorders described above. Using this approach, one may be able to achieve 
therapeutic efficacy with lower dod^^s of each agent, thus reducing the potential for 
adverse side effects. 

Examples of other therapeutic agents inclttde the following: 

20 cyclosporins (e.g., c3rdosporin A), CTLA4-Igp antibodix:s such as iCAM-3, anti-n.-2 
leceptor ( Anti-Tac), antL-a>45RB/ anti-CIX?, anli-CD3 (OKT-3), anti-CD4, anli-O:)80, 
anti-CDS6, agents blocking the Interaction between CD40 and gp39^ such as antibodies 
specific for CD40 and/ or gp39 (Lc., CD154). fusion proteins constructed from CE>40 and 
gp39 (CD401g and CDSgp39), inhibitors, such as nuclear translocation inhibitors, of 

25 Nf^kappa B function, such as deoxyapergualin (DSG), cholesterol biosynthesis inhibitors 
such as HMG CoA reductase inhibitors (lovastatin and simvastatin), non-steroidal 
antiinflammatory drugs (NSATDs) such as ibuprofbn, aspirin, acetaminophen and 
cyclooxygcnasc inhibitozs such as rofecoxib^ steroids such as prednisolone or 
dexaxnethasone^ gold compounds, antiproliferative agents such as methotrexate/ FK506 

30 (tacrolimus, Prograf), mycophenolate mofetil, cytotoxic drugs such as azadiioprine, VT- 
16, efcoposide, fludarabine^ cisplatin and cyclophosphamide, TNF- inhibitors such as 
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teonidap, antL-INF antibodies or soluble TNF raceptor^ and rdpamydn (sirolimus or 
Rapamune) or derivatives thetisof . 

When other therapeutic agents are eiscipioyed ki combination with the compounds of the 
present invention they may be wsed for example in amounts as noted in the Phy^cian 
5 DeskReiCmttce (FDR) or aa otherwise detecEmned by one ofordinacy skill intihie art. 

In the treatment or prevention of conditions which require protein tyrosine kinase 
intiibition an appropriate dosage level will generally be about 0.01 to 5lX>mg per kg 
patient body weight per day which can be administered fn single or mtdtiplc doses, 
ftaferabiy, the dosage level will be about 0.1 to ^out 250 ta^/Jsg per day; more 

10 preferably about 0^ to about 100 mg/kg per day. A suitable dosage level ntay be about 
0,01 to 250 mg/kg per day, about 0.05 to ICX) mg/kg per day^ or about 0,1 to 50 mg/kg per 
day. Within this range the dosage may be 0.05 to 0,5^ 0,3 to 5 or 5 to 50 mg/kg per day. 
For oral administration, the compositions arc preferably provided in the form of tablets 
containing 1.0 to 1000 milligrams of the active ingredient^ particularly 1.0, 5.0, 10*0, 15.0. 

15 20A 25.0, 50.0, 75.0, 100.0, 150.0, 200*0, 250,0, 300.0, 400.0, 500.0, 600.0, 750.0, 800.0, 900-0, 
and 1000.0 milligrams of the active ingredient for the ^mptomatic adjustment of the 
dosage to the patient to be treated. Ihe compounds may be administered on a regimen of 
1 to 4 times per day, pcefexably once or twice per day. 

It will be understood^ however, that the speciEc dose level and fcequency of dosage for 
20 any particular patient may be varied and will depend upon a variety of factuxs including 
the activity of the specific compound employed, the metaibolic stability and length of 
action of lhat compound, the age, body weighty general healtii, sex^ diet, mode and time of 
administration, rate of excretion, drug combination, the severity of the particular 
condition, and the host undergoing therapy. 

25 Throu^out this specification the word ''comprise", or variations such as "comprises" or 
"comprising'^ will be understood to imply the inclusion of a stated element, integer or 
step, or group of elements, integers or steps, but not the excliiskm of any odier element, 
integer or step, or group of elements, integers or steps. 

All pnablicati<^ mentioned in this specification are herein incorporated by reference. 
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26. 

Any discusrfoti of dcicumctite, acts, roaterials^ devices, articles or the like wWch has been 
included in tfie present specification is solely for ttie purpose of providing a context f or 
fhe present faivenfcion. It id not to be taken as an admission that any or all of these matters 
form part of the prior art base or were common general knowledge in fhe field relevant to 
5 the present invention as ft existed in Aiasttalia before the priority date of each claim of tliis 
application. 

In order that the nature of the present invention m&y be more dearly understood 
preferred terms thereof will now be described by reference to the following non-limiting 
Examples. 

10 EXAMPLES 

MATERIALS AMD METHQI>Si 

Omtpound SynOnems 

Con^unds are generally prepared in a 2-step process siartlng from 
2,6-dicliloEopyrazirve. 

15 The first step is a nucleophiHc aromatic substitution to gimerato a monoamtno-monohalo 
intermediate, (Scheme 1). 

Scheme 1 

The nudeophilic aromatic substitution is typically carried out by addition of a primary 
20 amine to the di-halog^ted heterocydc in a solvent such as elhanol, I^ropanol, 

tert-butanol/ dioxane, THF, DMF, toluene or xylene. The reacticoi is ^Tpically performed 
at elevated temperature in the prcscaicc of excess amine or a non-nucteophflic base such a^ 
txiethylamine or diisopropylethylamine^ or an inorganic base sudi as potasidimi carbonate 
or sodium carbonate* 
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27. 

Alternatively, flie amino substitUTOt may be intxoducdd flliough a transWon metal 
catalysed amination teaction. Typical catalyst systems for such transfcainatiuiis iiKludc 
Pd{OAc)x/P(t-Bu)3, Pd^{dba)3/BINAP and Pd(OAc)2/BINAP. 

The amines employed in ttie first step of the synthesis of thesw? coaxqpounds are obtained 
5 commcrciaUy or are picpaited using 

particulat interest ate -methylbenzylamines which are obtained ccmmerdally or xmay be 
prepared through reduction of oximes (Scheme 2). Typical leductants include lithium 
aluminium hydride, hydrogen gas in the presence of catalytic palladium on charcoal, Zn 
in the presience of hydrochloric acid, sodium borohydride in die presence of a Lewis acid 
IQ such QB TiClj, ZrCW NiOj and MoOr,. Of sodium borohydride in conjunction with 

Anibertyst H15 ion exchangiB resin and LiCL The oximes are obtained m one-step from ttie 
coircspottding^ones through condensation with hydroxyl^^ This reaction is 
generally performed in a pXOtic solvent such as water or eihanol, at temperatures from 
0*C to reflux. The hydroxylaminc is generally used in the form of to hydrochloride salt, 
15 and ti\etefore the reaction Is performed in the presence of a base such as sodium 
hydroxide. Thtj ketones employed as starting materials are generally obtained 
commercially or via procedures well known to those skilled in the art* 




[HI 




Scheme 2 

20 a-Mefchyl benzylamiiics of hi^ optical purity may be prepared from chtral a-methyl 
benzyl alcohols using methods well known to those skilled in die art. Such methods 
include derivatisation of the hydroxyl as a mesylate or tosylate and displacement with a 
nitrogen nucleophile^ such as phfhalimkie or azide which can then converted to die 
primaiy amine using conventional synthetic mettiods; or, displacement of the hydroxy! 

25 with a suitable nitrogen nudeophile under Mitswnobu conditions. The chiral a-methyl 
bex^yl alcohols may be obtained through chiral reduction of the corresponding ketones. 
Chiral reducing methods are now well known in organic chemistry and it^clvde 
enzymatic processes, asymmelxic hydrogenation pxoceduxes and chiral oxazaborolidiiws. 
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28. 

Ilie second step of the dyttfhesi^ involves a nudcophilic aromatiG substitution roactian of 
the monochloro- mono-amlno pyrazine with benzlxnidazole or indazole. The reaction i** 
typically pcrfoaranod using a salt of thu bciiziixiidaasolc or ind^izole in solvents such as 
tetrahydrofuran^ dimethylforaiairiide^ toluene, or xylene from room temperature to 

5 reflux. The benisimidazole or indazole salt is prepared by reactiot^ with a metal hydride 
such as sodium or potassium hydride or by reaction with caesium carbonate. 
Alternatively/ a metal-catalysed coupling reaction can be used to introduce the 
bcnzamidazole ot indazole ring. The reaction is typically performed using a base such as 
caesium caxbonate^ rubidium carbonate, potassium carbonate, sodium tert-buioxide or 

10 potassium phosphate in a solvent such as xylene/ toluene, and DMF from room 

tcmiKaratun? to lefliix. Auxiliary reagents »uch ai* phase transfer agents (c,g. cetrimonimn 
bromide) or copper complexing agents (e.g. plTenanthroIine) may aJso be employed in the 
reaction. 

The benzlxnidazole or tadascoJe components used in thia reaction are obtained 
15 commercially or are prepared from commercially available benzimidazoles or indazoles 
via techniques well known to those sldlled in the art. 

Alternatively, a b«nzimida%o)e or indazole derivative may be reacted witti the 
mono-amino moono-chloro pyrazine and the subsequent product further derivatised using 
method A well known to those skilled in the art. 

20 Rq>i:edentative syntheses ai^ Ironed below. 
Example 1 




A soluti«i of iJ'(-)-lH4-ftvonDphenyl)-ethylamine (5»0 g, 35.9 mmol), 2,6-dichloropyrazine 
25 (5.90 g, 39.6 mmol), diisoprcrpylcthylaminc (123 mL, 71-8 mmol) in etho>g^thanol (25 mL} 
was heated at ISS'^C under Nj ovc^nci^ght. The solvent was removed m vacuo and the 
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29, 



residue washed with HjO (2 x 30 mL) and dJfted (Na^i). The solvent w^-J remowd 
utider reduced pressure and die residue triturated with hexsmes (2 x 10 ml) to g^ve a light 
brown solid- Vim washings were cotnbined, concentrated and the residue obtained 
cTiromatPgraphed using ethyl acetate-hexane (1:4 - 1:2) to separate solid product which^ 
5 combined with the original solids, gave the total product (7.07 7H%). 

^FI-njDtur. (CDCla) Sl.56 (A 3H, /= 6,8 Hz. Cth), 4.81-4.94 (in, IH. CH), 5.05 (m, IH, NH), 
6.98-7.07 (m, 2H, AiH), 7.29-7,36 {m, 2H, Aril), 7.60 (s, IH, pjrrast-H), 7,80 (s, IH, 
pyraz-H), 

Example 2 

10 6-(lH-BenzimidazoM'yO-N-ifemylpyrazm'2-^mm^ 



To a stiizcd solution of benzimldazole (130 mg, 1.1 mmol) In anhydrous DMF (5 mL> at 
0°C wider N2 was added aodimn hydride (56 xng, 60% dit^ursioxi in oil 1-45 mmol) in 
portions over 2 nun. The mixture was stin^ at 0°C for 1 5 «i4n and at RT for 60 min* To 

15 this was added a solution of (6-chloro-pyrazin-2-ylHl-bGnzyi)-ainine (220 mg) in DMF (5 
mL) and the rci^ulting mixture was then heated at reflux for t8h. The DMF was removed 
under reduced pressure and the rcsidnc dilufscd with chloroform. The Organic layer was 
washed with water, dried (NajSOi) and the solvent removed under reduced pressure to 
furrUsh the crude product. Column chiomalography using dicKloroxnettiane^ethanol 

20 (20:1 10:1) as chiant separated the product (lOOmg), 

*H-^n.m.r. (CDCl,) 84.66 (d, 2H, /= 5.7Hz, CH^), 5.56 (m, IH, NH), 7.29-7.39 (m, 7H, ArH), 
7.78-7.89 (m^ 2H, ArH), 7.92 (s, IH, pyraz-H), 8.16 (s, VA, pyraz-H), 8.48 (s, IH, Arri2). 

in/z(ES)302(M*+H), 

Example 3 

25 2~(6'CAIorGjpjfraziH'2'iflJ-lH'Aenzimuta3Qk-^ and 
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A mixture of 2,6-<iicWaropyrazil\e (2,0 g, 13.4 imnol), lH-l>en2simidazok-5-carbaxaimdo 
(2-0 g, 12.3 mmol) and cesium carbcmate (5.6 172. mmol) in DMF {10 mL) was heated at 
90*C iot 3h. The solutioit wiSid cOtOfid to RT and diluted with ethyl acetate (20 mL) and 
filtezed. Hie solid znnterial was? washed with chlorofoxmrmettianol (20mL, 4:1) and the 
cotnbined filtrates conoentrpted m vacuo. The tesidue thws obtained (3.02 g) was used 
without fazthcT piiritLcation. ' 

m/z (El) 273/275 (M+1) 



10 Example 4 

J^i^A/art^pyrffzifi'2'y/J-lff'^<snzimr^^ and 

XJ 





An approximately 1:1 mixture of l-(6-chkax>pyra2m-2-yl)-lH*^^ 
15 carboxamide and l-<6<Woropyrazin-2-yl)-lH-benzimldazoleH5K;afbox (03 g, 1.09 
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mmol) and ihionyl dilozide (0^ mL, 33 xnmol) in benzene <3 mL) was heated und^r reflux 
overnight Upon cooling to RT the solution was poincd onto ice and the resultant 
xnixture basified to pH -11 with solid NafiO^. The mixture wa& then extracted with ethyl 
acetate (2 x 20 mL) and the combined organic layers washed with brine and dried 
5 (Nra2S04). Hie solvent was temovcd //i paciw and the residoie purified by column 
chromatography using dichloromethane-methanot (100:0 - 96:4) as eluant to give the 
desired product as a mixture of isomers (135 mg). 

m/^ (EI) 255/257 (M+1) 

Example S 

10 e-flH-Benzimtdazoi-l'^O-M-lfm^'i-phen^^ 




In a procedure analogous to example % reaction of 

6H:hlon>-N"l(1i^-ln>^enylethyllpyra2an-2-ami^ 1.03mmoi) andbenzlmidazole 

(ISQmg, LlOmmol) futitished the product (187mg^ 59%). 

15 'H-n^m.n (€1X^3)81 .63 (d,3H,/^6.6H25.CH3), 4,98-520 (m^lH^ 

/=6-0Hz, NH), 7J25-7-42 (nv 6H, Fh-H, ArH), 7.70 (dd, IH, /= 70., 1.0H«, Aril), 7^2 (dd, 
IH, /= 8.0, 1.2Hz, ArH), 7,87 (9, IH, pyraz-II), 8.11 (s, IH, pyraz-H), 8^8 (s, IH, ArH). 

m/z (ES) 315 (M-^+H), 21^ 105. 

Example 6 

20 $^IH-^nzmidazoI-li^D'N'i(J^J-I-pk6nyiemyi^^ 
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Lfi axm^ccduiu malogous to example 2, toactLoxtof frdhloro-N-f (1.^-1- 
phenylel^yl]pyTazbi*2*amine (14() zngi 0.60 mmol) and b&nzlmldazole (78 tng> 0.66 mmot) 
futnishod the produd: {71 mg, 38%). 

'H-Ji jn.r. (CDOa) Sl.57 (d, 3H,/^ 6.9H2, CH,), 4-95 (m, IH, CH)/ 5.29 (d, IH, >£=6.0Hz, 
NH), 7.19-735 (m, 7H, Ph-H, AxH), 7.63-7,66 (m, IM, AiH), 7.7*-7.77 (m, IH. ArH), 7-78 (s, 
in, pyraz-H), 8.06 (s, IH, pyiaz-H), 831 (». IH, ArH), 

iw/^ (BS) 316 (M%H), 212, lOS 

Example 7 



10 




Tn an analogoii.9 fashion to example 1, N-wethyl-N-l{lS)-l-phenylj?thylla3iiiru2 (0.27 g, 2.0 
mmol) was condensed witlt 2i,6-dichloropyt'azmc (0.36 2 A ncimol), to furnish the desired 
product OS a light bxown solid (192 mg^ 39%). 

^H-n.m.r. (CDCW 61.56 (d, 3H, /« 6.8 Ila, OI,). 4.81-4,94 (m, IH, CH), 5.05 (m, IH, NH), 
15 6.98-7.07 (m, 2H, ArH), 729-736 (m, 2H, ArH). 7.60 (s, IH, pyraz-H), 7.80 (s, IH, 
pyt^z-H). 
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In an analogous faeshion to Example 3, 6Kidorc>-N-[l-(3-fJuor«phenyl)ethylIpyraism-2- 
amine {0.25 g/ 1 mmol) was reacted with lH^i>en:diXUdazolc-5*carboxaimde (0.2 g, L2 
mmol) to afford ihc product as a mixture of isomexs. These were separated by 
5 chromatography usiitg dichloromethanje-methanol {98:2 - 92;8) as eltiant to af fotd from 
the leas polar ^r^orw; l-(6-(ll-(3-flt30i«q>henyl)cthyll«i^ 
bimzhmdazolQ-6-carboxamidc (80 mg). 

'H-n.ni.r. (CDOa) §1 M {d, 3H, /== 6.8 Hs?, Clh). 4.97-5.10 (m, IH, CH), 5.47 (d, IH, /= 6.2 
H^, JSIH), 6.90-6.99 (m, IH, ArH), 7.09-7.38 (m, 3H, ArH), 7.72 (dd, IH, 8.4, 1.6 Hz, 
10 A rH), 7.86 (s, IH, pyraz-H), 7.87 (d^ IH, /= 8.4 At 1 1). 8.22 <», IH, pyraz-H), 8.47 (s, IH, 
ArH), 8,60 (d^ IH, /= 1.6 Hz, AtH). 

From the more polar fractions was isolated l-(6-{[l-(3-fluoraphenyl)ethyl Jaminojpyraadn- 
2-yl)-iH-benzimidazole-5^atboxamide (63 tng). 

*H-«jn.r. (CDOa) 51.63 (d, 3H,/= 6.8 Hz, CH^), 4.94-5,07 (m, IH, CH), 5.44 (d, IH, /= 6.6 
15 Hz, NH). 6.90-7.38 (tn, 4H, ArH), 7,65 (d, lH,/= 9.0 Hz, ArH), 7.82 (dd, IH, /= 8.8, 1.6 Hz, 
ArH). 7.93 (s, IH^pyraz-H), 8.13 (s, IH, pyraz-H), 8-25 lH^/= 1.4 IIz^ ArH), 8.41 (s, IH, 
ArH). 

Example 9 
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In an anal€>gous procedure to that t^ported in Example 4, 

fluorophtmyl)ethyI]animo}pyTazm->2^ (80 mg, 0*21 

ziunol) W£i0 reacted with phosphorus oxydiloride to afford the product as a pale yellow 
5 *3olid(60Tng,S0%)* 

^H-iurur- (CDCW 51.65 (d, 3H,/= 6.6 Hz, CH^, 4S4r5J09 (m, IH^ CH). 537 (d, lH,/= 62 
Hz, NH), i5.92-7.12 (m, 2H, Aril), 720-725 (m, IH, ArH). 7.35-7.46 (m, IH, ArH), 7.59 (dd, 
IH, /= 8.4, 1.4 Hz, ArH), 7.88 (d, IH, /= 8.4 Hz. ArH), 7.94 (s, IH, pyra«-H), 8,12 (a, IH, 
pyraz-H), 8.25 (d, lH,/= 1.4 Hz, AtH), 8.51 (s, IH, AtH). 

10 EMOtplelO 
and 




15 In an analogous fashion to Example 1/ an approximately 1 :1 mixture of l-(6- 

<Wotopyrafirfn-2-yl)-lIi-benzaiiudazolc''5-cai^^ and l-(6-€4iloropyTazln-2-yl)-tH- 
benziiatiidazoIe4)^arbonitriie (102 mg, 0^4 mmol) was condensed with IJZ^Ar 
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tetEdhiydioisoqinnoIinc (61 mg, 0.48 mmol)« The crude prodtict was tdtctfatcd wilfa cold 
eAyl acetate to separate H6-(3Adihyditrij«><i\^ 
bcnzainidazdk^S^azlKHii^^ as an off-iviiite solid (&S mg) 

^H-n.m,r. (CDCg 83,05-3.11 (m, 211 CH,). 3.95-4.02 (m, 2H, CH^, 4.«5 (m, 2H, CH^), 
S 7.25-7^ (m, 3H^ ArH), 7,61-7.68 (m, IH, ArH), 7,95 (d, IIX /« 8.2 Hz, ArH), 8.11-8.21 (m, 
IH, AtH), 8,16 (s, 1H, pyraz-H), 8^ (s, IH, pyiaz-H), 8^8 (m, IH, ArH)^ 8.65 (5, HI, 
ArH). 

The ethyl acetate washings were cotntMned and concentrated /// mcu4^ to funush J-li-QA- 
dihydTOfeoqvitiolin-2(lIl)-yl)pyrazm-2-yll-lH-benz^ (41 mg) 

10 ^H-n.m.r. (CDCI3) 63.07 (t, 2H, /= 5.9 Hz, Qla), 3,97 (t, 2H,/=: 6.1 Hz, CH^), 4.84 (3, 2H, 
CH2), 7.24-7^2 <l\t, 411, ArH), 7.67 (dd, lH,/= 8 8/ 1-4 Hz, ArH), 8J1-8.21 (m, IH, ArH), 
8-16 (s, IH, pyraz-H), 8.22 (s, IH, pyraz-H), 8.65 (s, IH, ArH). 

Example 11 

15 carhoniMie and 
CGtrbonUriie 







In an analogous fashion to Example 1^ an approxiniately 1:1 mixture of l-(6- 
20 cWcaropyrazm-2-yl)-lH-benzimida2x>le-5-cariDonitrile and l'(6-Chloropyrazin-2-yl)-lH- 
t)enzimidazole-6-carbcmitrile (100 mg/ 039 nunol) was condensed with (1S)-1,2A4- 
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tctrahydion«5?Mi^cn--l-amiixe (69 mg, 0,47 moiol). The jwoduct wa» obtained as a 
mixtux^ of regiaisoineis which were separated by coiuzicua chiomatography using 
dichloiomcthane-ittethanol (95:5) as eluant. From ibe less polar fractions l-(6-[(lS)- 
l^A4-tetrahydbcOTaphthed)eii-l-ylamm 
5 was obtained as a yellow semi-solid (26 mg), 

^H-n^r. (CDCI3) 51.87-1.98 (m, 2ti, CH^ 2.04-2.18 (m, 2H, CHJ, 2.82-2.90 (ni. 2H, CHJ, 
5.18-5.30 (m, 2H, NH 4- CH), 7.14-7,23 (iiv 3H, ArH), 7.32^738 (m, IH, ArH), 7.61 (dd. IH, 
/= 8:2, 1.4 Hz, ArH), 7.94 (s, IH, pyraz-^H), 8.11 <d, IH, /=- 8,2 Hz, ArH), 8-14 (s, IH, 
pyraz-H), 8,18 (d, IH^ /= 1.4 Hz, AtH), 8,61 (s, IH, ArH). 

10 From the marc polar fractiosw Was* lactolcd 1*16-[(1S)-1 A3,4^3Ctrahydronaphauikai-l- 
ylamino]pyiazixir2-ylMH-beffizmiidazole^ (19 mg) 

^H-n-m-r. (CDQ^ 81^9-2,02 (i», 2H, Qla), 2,10-2,20 (m, 211, CH^), 2,83-2.91 (m, 2H, CH2), 

(m, 2H, ^JH CH), 7.15-735 (m, 4H, ArH), 7.62 (dd, IH, 8.4, 1.4 Hz, ArH), 7.91- 
7.95 (tn, 2H, ArH + pyraz-H), 8A5 (a, IH, pyraz-H), 8*52 (br s, IH, ArH), 8.66 (s, IH, ArH). 

13 Example IZ 




To a stirred suspeiudcHCi of bcnziirudazolc-5-carboxylic acid (5.0 g, 30.8 xranoi) bx benzene 
(25 mL) was added thionyl chloride (25 tnL) dropwise at room temperature. To ftiis 

20 mbcttxie was added DMF (0.1 mL) and it was then heated under veflux for 6h« Benzene 
and fhionyl chloride was evaporated off under reduced pressure and toluene (20 mL) 
added to th« rcbidne. Ihis was removed under reduced pressure and the add chloride 
thus obtained suspended in tetrohydrofuran (20 mL), To this was the added 28% aqueous 
ammonia (20 mL) dropwise at KfC, and the te»ultant mixture was then stirred at room 

25 temperature overnight. The precipitate was filh^rcd and washed with cold HiO to give 
the primary amide as a brown solid (3.55 g)* 
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»H.n.mjr* (d^-DMSO) 9735 (br 3, NH), 7.60 (d, IH,/^ 8.4 Hz, ArH), 7.78 (dd, IH, 
8,4 <!ind 1j6 Hz, AtH), 7.97 (br IH, C0^3H)^ 8*18 (br 8, IH, AtH), 8.32 (br IH, ArH). 

Example 13 

5 l-(6-fi(2B)'l-ph^nylffihyihmmo/pyraztn-2-y/)'tH-^ 




Tu a stiixcd tsolutiani of 5-aiiUcio-benzixnidazole (290 mg; 2,2 inmol) in anhydtntu) DNfF (IQ 
mL) uzuieE N2 was added caesium carbonate (980 mg) Ihc lesuitixig mbcture Wd9 stirred 
at 70*^C for 60 xnin. To fhis was added a solution of 

10 6Hdiloa:orN-[(li)-l-ph«nylethyl|pyra^ (470 mg) in DMF (5 mL) and the 

resulting mixture was then heated at rcfliix for 4Sh. The DMF waa removed under 
seduced pressure and the residue diluted with chlorofomu The organic layer was washed 
with aqueous NaaCOa^ driigd {Na2S04) and the solvent removed under reduced pressure 
to furnish the crude prodiict. Column chromatography using dlchloromcihane-methanol 

15 (95*^ ^ 92:8) as eluant separated two fractions &om unxcacted starting material. The 
higher fraction wad assigned as the 6-isomer (27$mg^ 42%), 

^H-n.m.n (CDO.,) Sl.64 (d, 3H,/= 6.9H2, CH3), 2,90 (br s, 2H, NHz), 5.05 (m, IH, CH), 
5,21 (d, IH. NH), 6.70 (dd. lH,/=: 8.7, 2aH!Z, ArH), 6.97 (d, IH,/^: l^BHz, ArH), 7.28-7,43 
(m^ 5H, Ph-H)^ 758 (d, 1HV= 8.4Hz, ArH), 7,84 (s, IH, pyraz-H), 8.08 (s, IH, pyraz-H), 
20 &21 (s, IH, ArH). m/z (ES) 331 (IVT+H). 

The lower fraction was a^gned as ttie 5-isomer (170mg, 26%). 



COMS ID No: SMBI-00714621 Received by IP Australia: Time (H:m) 15:25 Date (Y-M-d) 2004-04-20 



9 3111 



Blake Dawson Wdldron 



03:22:51 p.m. 20*04-2004 



42/64 



38. 

^H-n^. (CDQa) BIM (d, 3Ii,/= 6.9Hz, CH3), 2.85 {br s, 2H, NHa), 5.01 (m, IH, CH), 5. 
19 (d, 1H,NH), 6,70 (dd, lH,/= 2.1Hz, ArH). 7,11 (d, lH./= l^SHz, AxH), 7,29-7.40 
(m, 5H, Ph-H), 7.51 (d, lH,/«8.7Ila^ ArH), 7,81 {a, IH, pyraz-H), 8.10 (s, IH. pyiaz-H), 832 
(s, IH, ArH). 

5 m/z(ES)331(Mr+H). 



Example 14 




10 To a dUrred solution of 2-(beivzylaixuno)-6-(5«anim (33 tti%, 

O-lmmoi) in anhydrous THF (2 mL) wde** wa?; added Wethylamine (38 pi. t)3 wimol). 
The solution was cooled at O^C and to this was added pivalic acid (12 mg^ 0.11 mmol) and 
EDC (23 mg, 0.12 mmol) and the icsiilting mixture then stilted dt KT. After 64h the 
wlutioai was diluted with Hp and Ihe mixture extracted wifli CHCI3 (2 x 15 mL), The 

15 combmed organic layeiid were wa^ed withlO% aqueous NasiCQ,, liried (Nfa^^ and the 
solvent temoved in vacuo. "Hie residue was pxaxified by column chtomatography using 
dicMorometihane-tnethanol a00:6) as eluant to separate the pure product (15mg). 

^II-n,m,r. (CDOs) 5135 (s, 9H, 3CH^). 1.65 (d, 3H,/= 6.6Hz, CH^), 5.14 (nv IH, CII), 5.24 
(d, lH./= 5.7Hz, NH), 7.13 (d, IH,/- 8.7Hz, AfH), 7.29-7.47 <«i, 5H, ArH), 7.75 (d, IH,/ 
20 « 8.7 Hz, AtH)/ 7.81 (s, IH, pyraz-H), 8.17 (s, IH, pyxaz-H), 8.35 (s, IH, ArH), 8.69 (e, IH, 
CDNH)- 

Example 15 
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39. 




To a aOned Bolutton of 2-(5^frnicttiylbenzylamino)-6-(5-aiituno- 

ben2iinidazo-l-ylH»yraziilc (66 mg. 0.2inmol) m^fhydrousTHF (2mL) under N^v^as 
added lilelhyLiiirine (41 mg, 0.4 mmoJ). The solvHon was cooled at 0-C a^^ 

5 added acetyl chloride (17 mg, 0,22 nrniol) and Ihc lesulting mixtoxe then stirred at RT. 
After 18h liie soltttton was poured into watct (30 mL) and Ihe piodud extracted into 
chloroform (2 X 20 mL). The; combined organic layers were dried OMaxSO*) and the soh^ent 
removed omd er «d«eed pres««te to fimdsh the crude product aa a pate yellow soUd. 
Colronn diromatogcaphy t«ingdidlloro««ctha«e-meftanol (200:15) as eiuant separated 

10 the product as a pale yellow aolid (38 mg)- 

'H.n.^.r. (CDCI3) 61.63 (d. 3H, >6.6Hz, CH,), 2.21 (s, 3H CH3), 5.00 (nv IH, CH), 5^ (d, 
IH, /- 5.7Hz, NH), 7.27-738 (m, 5H, ArH), 7.49 (d/ lH,/= 9,0Hz, AiH), 7A1 (d, IH, /- 
9miz, ArH), 77* (br b, IH, CONH). 7.84 <8, IH, pyiaz-H), 7.90 (s, IH, ArH), 8.11 (s, IH, 
pyiaz-H), 8.36 (8s, IH, ArH). 

15 Example 16 



Oy 





To a stin«l solution of 2r(5^mLHhylbenz^amino)-6.(5-amino.bcita!imi^^ 
pyrtirfne (33mg,0.1 mmol) In anhydrous -OTP (2 mL) under was added triethylamiiie 
(40 mg, 04 mmol). The solution was cooled at 0"C and to this wa.«» added 
nwlhanesu^phonyl chloride (25 mg, 0.2 mmol) and the lesuUing mixture then stirred at 
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40. 



RT. After 16h ^ .-jolution was pmiicd into water 00 mL) and the product extracted into 
chtowrform (2 x IS irtL)- The ccwnbined oigaidc layers were was washed with 10% Na,CO^ 
dikd (Na^*) and Che solvent removed tinder reduced pressure to hatdah the crude 
product as apale yellow solid. Colunmchi«matosraphy,u.sjng 
5 dicWoromethane-meliumol (100:6) w e separated th« product from tiie niost polar 
fcactiaiis as a pale yellow solid (16iiig). 

^H-nmr, (CDCW {d, 3H, /- 6.9 Hz, CH,), 3.00 (s, 3H, CH^), 5.02 (itt, W CH), 5.27 
(d, lH.y= 6.0 Hz, NH), 7.21-7.40 (m, 6H, ArH), 7.64 (d, IH, /= 8.7 Hz, ArH), 7.69 (d, ML/ 
IS Ha, ArH), 7il8 (s, IH, pyraa-H), 8.10 (s, IH, pyraz-H), 841 {», HI, AtH). 

10 Example 17 

pj/razitte 




15 



20 



A solution Of 

346-(5<wiifithylbenzylainino)-pyrazln-2-^yll-3H4)en20^ 

N-melhylpipcrazinylaiiUde (22nis, O-OSmmol) in dry THF (tmL) was added to a 
suspension of LiAlH« {4mg, O.lmmol) in THF (ImL) and the mixture heated at reflux for 
4h. Upon cooling to RX the solution was treated consecutively with HjO (ImL), aqueous 
NaOH (ImL, 2M.) and HaO (5mT.). The resulting mixhro was extracted with CHCl, (2 x 
lOmL) and the combined organic layers dried (Na^«). "H^ solvent was removed under 
reduced pressure and the product purified by fla«»h chromatogjaphy using CKArMeOH 
(lOil -» 1:1) a» eluant to afford the product as a ydlow solid (ll«»g> 52%). 

'H-njn.r. (CDCy Sl.65 (d, 3H, /= 6.9Hz, CHj), 2.58 (», 3H, NCH,), 2.81 (br s, 4H, CH^), 
2.90 (bf 4H, CTy, 3.74 (s, 2H, NCIfc), 5.03 (m, IH, CH), 5.33 (d, la /= 6.0 Hz, NH), 
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41, 

7J2BJ7A2 (wv 6H, ArH), 7.67 (d, IH, /== 8.4 Hz, AxH), 737 (s, 114, AjfH), 7.87 (s, IH, 
py]*az-H), 8.12 (s, IH, pyreui-H), 839 IH, ArH). 

Example 1$ 




In. a procedure analogous to Example 3, reaction o£ 6-€hloro>-N-[l-(4- 
flttoiophenyl)cfhyl]p3^azm-2-airur»e (1*80 7.15 mmol) and 5-hydioxymethyl 
benzimidajiole (126 g, 8.5 mtwol) fumi^hed the two products which wcj^ aepaxatcd by 
10 column chromatograpliy using dichlorcnrnetltaiiLe-mefhanol (98:2 - 92:8) as oltiant. From 
the Icsd polar ftadions w«i{5 obtained [l»(6*ill-(4-fluorophenyl)ethyl]ait)ino}pyr$izin'2-yl)- 
Ui-lKzizixxtidazol-^ytlmetiiaTicl as a pate 3rcllo w solid (210 xng;)* 

'H-n-in.r. (CDCW 51.60 (d, 3H, /-= 6.8 Hz, CH3), 4,93-5,05 (m, IH, CH), 5.48 (d, IH, 6.2 
Hz, NH), 6,97-7.07 (m, 2H, ArH), 729-7.39 (ttv 3H, ArH), 7.76 (d, IH, /= 9.4 Hz, ArH ), 
15 7.79 (s, IH, pyraz-H), 7.89 (s, IH, ArH), 8.09 (s, IH, pyraz-H), 834 (s, IH, ArM). 

From the more polar fractions was isolated [l«"(6-{[l-(4-£ltiorophcnyl)ethylI^mino|pyrazin- 
2-yl)-lH-b€n2iimidazol-5-ylliriJBthanol as a yellow atoHd (265 mg). 

iH-xxjdrt.r. (CDCy 51-62 <d, 3H./^ 6.8 Hz, CH3), 4.82 (s, 2H, CH^OH), 4.94-5.06 (nv IH, 
CH), 5^ (d, lH,/= 6.0 Hz, NH), 7.02-7.10 (m, 2H, ArH), 7^9-7.40 (m, ArH). 7.68 (d, 
20 IH,/- 8.4 Hz, AtH), 7.80 (d, lH,/= 1.2 Hz, AtH), 7.84 (s, IH, pyiaz-H), 8.12 (», IH, 
pyraz-H), 8.39 (s, IH, ArH). 



4S/@4 
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42. 



Example 19 




O 

M— ' 



5 A solution of the alcohol (0.18 g, 0.5 mmol) in dicWoromefbane (5 mL) was cooled to (K: 
and to tiiis was added diiaoptopyklhybinine (0.13 mL, OJ^ nunol) and inethane«dfbnyl 
chloride (46 (il* 0.59 wimol). Aftta stirring at RT for 2h. a ftifAer aUquot of 
dlfaopropytefliylamine (30 JlL) wd metihanesulfortyl chloride (20 pL) was added. After 
Ih. IfcO (10 mL) was Added and the organic layer coUectcd. The aqueous phase was 
10 extracted witti dfchloiamethane (3 x 5 mL) and the organic layers combined, dried 

(Na^4) and concentrated iH vactto. An aliquot of the crude mesylate ttius obtained (100 
mg) was dissolved in DMF (2 mL) and to thi» was added diiaopropylethylamine (52 jiL, 
0.3 nunol) and l-mothylplperazine (25 Jd, 0.45 mmol). Ihe ijolution was heated at 60^ 
ovemi^ The solution was then concentrated in vafuo and the residue dissolved in 
15 cUcWotomfithane (20 tnL) and washed WtfliHjp. IhcotgaDnic layer was dried (JflifegOJ 
and concentrated and the product purified by chromatography using dichloromelhflnc- 
melhanotaqueous aaunonia (95'.5:0 - 95:5:1) to funuahthe product as apale yellow send- 
solid (34 mg). 

'H-*i.m.f. (CDCU) 81.63 (d,3H,/=7.2Hz,CH,),2J»(8,aH,NCH:^,2.45(brs,8H,4x 
20 CH,), 3.62 (* m, CH^, 4.99^.11 (m, IH, CH), 5.41 (d, IH, /= 6.4 NH), 6,99-7.07 (m, 
2H, AtH), 730-7.41 (m, 3H, ArH), 7.76 (d, IH, /= 8.4 Ha, AiH). 7,82 (a, IH, pyraz^H), 7.89 
(8, IH, AiH), 8.17 (s, IH, pyraa-H), 839 (s, IH, ArH). 

Example ZD 
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43. 




To a solution of l^htoi^ylethanone (505 mg. 4 xximol) and ammonium formate (1^6 gr 
20 mmol) in methanol (4 mL) under nitrogen WW added 

5 dicMoro(pcntaiiicthylcyclci>entadienyl)^^ (HI) dmwr (14 nigr 0.023 mmol). The 
solution was heated at leflux fof 7 h. after which tune the solution was cooled to room 
temperatuie and acidified to pH -2 with 2M HO, The mixture was washed wilh 
dichlommethanc (3 x 15 mL) and the aqueous phase thmbasified to pH -12 by addition 
of 5M NaOH. The aqueous phane was extracted with dichlorozncthane (3 x 15 mL) and 

10 the combined organic layers dried (Na^4) aitd concentrated to give a pure product (280 
tng,55%). 

m/z (EI) 127 QA% 112 (M-15)* 
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SCREENING 

JAK Tyrone Kifiase Domain Production 

/AK. kinase domains were produced in the JEoQovi^g manner. 
/AKl 

5 TheWnascdoinalnof humanJAiawasairyUfledfromU937^ using flw polymerase 
chEon traction wifli the tollowing ptimen): 

xHOi-ji 5'-ccx; crc gag act gaa gtg gag ccc aca caw 

Jl-KPNl 5'-CGG GGf ACC TTA TIT TAA A AG TGC TTC AA A-3' 

JAKl PGR products were cloned into tiw pFastBac IfTb expressian vector (Gibco) via ihe 
10 Xho I and Kpn I sites. Hie JAKl plasndd W»» then transformed into competent DHlOBac 
ceUs (Gibco), end recomibinantbaculovirus produced prepared for transfcdion into 
Sf^intiect cells. 

JAK2 

Tl^e kinase domain of hunwnJAK2 was amplified from U937mBNA using the polymerase 
15 chain leaction with the following; primets: 

SAlJ-ok2 5'-ACGCGTCGACCGTGCCmGAAGACCGGGAT-3' 
JkZ-NOn S'-ATAGITTAGCGGCCGCrC AGAATG AAGGTC ATT W 

JAK2 PGR products were cloned into the pFastBac HTc expression vector (Gibco) via the 
Sal I and Not I sites. Hie JAK2 plasndd was tihen transformed into competent DHlOBac 
20 cells (Gibco), and the recombinant bacukivims produced prepared for tiansfeclioninto 
Sf9 insect cells. 



COMS ID No: SMBI-00714K1 Received by IP Australia: Time (H:in) 15:25 Date (Y-M-d) 2004-04-20 



3111 



Blake Dawson Waldron 03:24:39 p.m. 20-04-2004 49 /54 



45. 

JAK3 

llie kiziase domain of bumanJAKS was amplified f torn U937inRNA using the polymerase 
chain revolt wiHi the following primers: 

XHOI-J3 5'-CCG Crc GAG TAT GCC TGC CAA GAC CCC ACG-3' 

5 J3-KPNI 5 -CGG GGT ACC CTA TGA AAA GGA GAG GGA GrG-3' 

IAK3 PGR prodixcts were cloned into the pFastBac HIb expression vector (Cibco) via ihe 
Xho 1 and Kpn I sites. The JAK3 plasmid was then tr^insformed into competent DHlOBac 
cells (Gibco)^ i^nd the xccombirumt baculovirus produced prepared for transfection into 
Sf£> insect cells. 

10 TyK2 

The kinase domain of humanl*VK2 was ampli^ed ftom A549 mRNA using the 
polymurase chain reaction wUh the following primers: 

HT2BK 5'-GG A GCA CTC GAG AIG GTA GGA C AC AAC GAG GTC5-3' 

1TY2.2R 5'-<3GA GCA GGA AIT CCG C3CG CTG CCG GIG AAATCT GG-3' 

t$ TVK2 PGR products were cloned Into pBlueBac[iis2A (InvitrogenJ via the EcoRl site, Ihe 
recombinant TVK2 bactilovit^ produced was prepared lor transftxted into Sf9 insect 
celk. 

Large Scale Production Of Kinase Domains 

Baculovirus preparations irom each of the JAK family members were infected into five 
20 litres of High Five cell» (Invitrogen) grown in High Five serum free medium (Ihvitrogen) 
to a cell density of approximately 1-2 X 10* cells/ml. Cells are infected with virus at a 
MOT of 0,8-3,0, Cells were harvested and lysed. JAK kinase domains were pimficd by 
affinity chromatography on a Proband (Invitrogen) nickel chelate affinity column* 

Assay Protocols 
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46. 

Kinase assays were performed either in a 96 well capfa»&-ba8ed ELISA assay ot in 384 
weU Optiplatcs (Packatd) using an Alphascreen Protein Tyrosine Kims« Wi. either 
casse using approximately 13 Mg of affinily purified PTK domain in the presence of 
SOmMHEPES, pH 7^, IttaiMMgCl^ 150inM Naa and lOflM-lmM ATP. Tlae 
biotinylated substrate Motin-EGPVNnLEEEEfiAYG WMDF-NH;, (final concentration 5|4M) 
was used as substrate. In the EUSA assay tytosti^e phosphorylatian was qtiantitated 
following transfer to an avidin coated BLlSA plate using peroxidase-linkfid 
anti-phosphb-tyroRine antibody PY20. Inihe AIphascrecanaKsay^ Alphascreen 
phOTphotyroBinc acceptor l>ead5 foHowcdby streptftVidin donor beads w^re added under 
subdued light. The BUSA plates were read on a BMG Phiorostar, the Aiphasciecn plAtes 
werereadona Packard FusionyJ^A/sr. Inhibitors were added to the assays fifteen 
minutes prior to the addition of ATP. Inhibitots were added in aqueous DMSO, with 
DMSO coticentratianB never exceeding 1%. 

Kesults 

The activity of a range of compounds is shown in Table 3. Con^Kiuiids that exhibited a 
capacity to Inhibit 50% or greater of enzyme activity at a concentr aticm of 20 |iM 
(measured under standard conditicms, see Metftods)^ are designated as Compounds 
not tested are designated "NT"; while compounds that did not inhibit enzyme activity by 
50% at 20 jiM atie designated 
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Tab1e3(cont.) 
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iD70 1 
NT 


ti02 
KT 


hck 
NT 


NT 


MT 


^: 

NT 


NT 


ftiaMilMS ' 




- 




NT 


HT 


NT 


NT 


NT 


NT 


r.ieHti>J5 — 


- 


- 


NT 


NT 


NT 


*** 1 


NT 


MT 








- 




MT 


NT 


NT 


NT 


NT 


NT 


CITHiaNS — 

N 




+ 


NT 


NT 


Ht 


NT 


NT 


NT 


NT 


C&SHMtNSOiS ^ 






* 


NT 


MT 




j NT 


NT 


NT 








Ht 


MT 


NT 


NT 


1 


NT 


NT 


UoHlppiso . 
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. KT 


NT 


I NT 




NT 
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49. 

Table 3 (cent) 



PHEIHSTHY [ 
figflmftFWBO . U 




jalc3 a 
- 


msrp 

NT 


Ill2 
KT 


1 

NT 1 


HT 


ims 
NT 


kdr 


btk 
NT 




- 




Kr 


HT 


KT 1 


NT 


NT 




NT 




■ 


- 


NT 1 


NT 


NT 


NT 


NT 


NT 


HT 


[cg5H2SFN7 —J 

1 


- 


- 


NT 


KT 


NT 1 


NT 


NT 


NT 


NT 


lca4H29FM7 






KT 


1 NT 


NT 


NT 


NT 


* 


NT 


1 






NT 


1 NT 


NT 


1 


NT 


+ 


KT 


fasHgaFN? , 






HT 


1 ^ 


NT 


NT 


HT 




NT 








NT 


NT 


NT 


NT 


NT 


+ 


NT 
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50. 

Table 3 (cont) 





1 










NT 


ftnft 
NT 


NT 


btk , 

NT 


CldHlSFN« 


- 


- 


MT 




NT 


WT 


NT 


NT 


NT 


<MaHl5FN6 


•t- 


- 


NT 


NT 


NT 


NT 


NT 


+ 


NT 




* 




HT 


NT 




NT 


NT 


NT 


+ 


ggwignyy=' 

tin 






NT 


NT 


NT 


NT 


NT 


NT 


NT 


C»H2aFN7 




+ 


NT 




NT 


MT 


NT 


NT 


NT 








NT 


NT 


+ 


NT 


NT 


NT 


NT 


rSSHflTFMB 


■•■ 




NT 


NT 


NT 


NT 


NT 


NT 


NT 
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51- 

Table 3 (cunt) 





Jakl 




xapTO 
HT 


Ml 
MT 


hck 
WT 


NT 


fmti 
NT 


kdr 

NT 


bik 

NT 






m 


NT 


+ 


NT 


NT 


NT 


fir 


HT 
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NT 


NT 


NT 


NT 


NT 


NT 


HT 


"XT 
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NT 


NT 


+ 


NT 


HT 


NT 


NT 


II 


+ 




NT 


+ 


NT 


NT 


NT 


NT 


NT 


caiHiflNe 


•f" 




MT 


•r 


NT 


NT 


NT 


+ 


NT 








NT 


HT 


NT 


NT 


NT 


NT 


NT 
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HT 


NT 


NT 
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NT 
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52. 

Table 3 (coi\t.) 



DHEHK^IHY 


+ 


- 


NT 


iia2 

m 


hck. 
NT 


NT 


tm«„ . 
NT 


NT 


NT 
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NT 


NT 


MT 


MT 


NT 


NT 




+ 






MT 


NT 


NT 


NT 


NT 


NT 
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NT 


NT 


NT 


NT 


NT 


NT 


NT 
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NT 


NT 


NT 


NT 


NT 


NT 


NT 
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Cil2H23N70 


4* 




NT 


NT 


NT 


NT 


+ 


NT 


NT 
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NT 


NT 
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NT 


NT 


NT 
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NT 




NT 


NT 


MT 
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53. 

Table 3 (cont,) 



CHCMiermv 

ClflHIflFMS - 


Jak2 
- 


Jak3 
- 


NT 


NT 


hCR 
KT 


aM 1 
NT 


NT 


kdr 
HT 


NT 




- 


- 


NT 


NT 


NT 


NT 


NT 


NT 


NT 






+ 


NT 


NT 


NT 


NT 


NT 


NT 


NT 
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HT 


HT 


NT 


NT 


NT 


NT 


NT 


CSOHIBFNS 






NT 


NT 


■!> 


NT 


NT 


NT 


NT 


C20H15FN8 


4 


4- 


MT 


MT 


NT 


NT 


NT 


NT 


NT 
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NT 


NT 


NT 


NT 


NT 


NT 


NT 
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59. 



It will be ftppredated by persons skilled in tlie art tiiat numerous variations atid/of 
modifications may be made to the invention as shown in fl»e specific embodiments 
wifhottt departing from the spirit or scope of the invention as broadly described. Hie 
present embodiments are. iheiefoie, to bo considered in «11 respects as iUusteattve and not 
teatricHve. 



Dated: 20 April 2001 
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